Single-cell transcriptomic profiling is a powerful tool to explore cellular heterogeneity. However, 27 most of these methods focus on the 3'-end of polyadenylated transcripts and provide only a 28 partial view of the transcriptome. We introduce C1 CAGE, a method for the detection of 29 transcript 5'-ends with an original sample multiplexing strategy in the C1 TM microfluidic system.
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TSCAN divided the pseudotime ordering into four distinct states, which showed considerable 179 consistency with the time points, as seen by PCA ( Figure 2d ). We also confirmed the 180 consistency of the TSCAN states by visualizing the expression levels of two highly variable 181 CAGE clusters for known EMT marker genes, ALDH3A1 and SERPINE1, which showed a clear 182 shift in expression levels from 0 h to 24 h (Figure 2e ). To understand the influence of the cell 183 cycle on how TSCAN defined the states, we calculated G2M scores with the cyclone package 184 using the pre-calculated data trained on human embryonic stem cells (hESCs) (Scialdone et al., 185 2015; Leng et al., 2015) . The clear separation of scores between states 1 and 2 points to the 186 possibility that half (16/35) of 0 h cells were in proliferative states prior to TGF-β stimulation 187 ( Figure 2d and Figure S3 ).
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To identify genes that are co-regulated across the TSCAN states, we performed Weighted Gene 
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Within the Late Responders module we observe enrichment for TFAP2 family transcription direct repression of cell cycle regulator CDKN1A (Williams et al., 2009; Wong et al., 2012) .
251
Examining differences between the Early Responders and Late Responders modules, we find
252
GO terms relating to cell adhesion enriched in Early Responders genes, and GO terms related 253 to cell communication and signaling enriched in the Late Responders genes (Figure 3d ).
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To further dissect the functional heterogeneity in response to TGF-β, we revisited TSCAN states 256 analysis and explored states 3 and 4 which we observe 24 h post stimulation (Figure 2d 
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Although most enhancers were sporadically detected among single-cells, they were detected at 298 a similar level to promoters in single-cells when controlling for expression level (Figure 4e ). To 299 assess if enhancers are generally lowly expressed among cells or if they are highly expressed 300 in a subset of cells, we compared the distributions of the maximum expression levels of 301 enhancers and promoters within single-cells and in the bulk data sets (Figure 4f ). While the 302 expression of enhancers is generally lower than that of promoters in the bulk data sets, they 303 have similar distributions of expression levels within single-cells. To further evaluate the 304 specificity of enhancer expression in single-cells, we devised a specificity score ranging from 0 305 to 1, with 0 being ubiquitously expressed (i.e. broad expression in many cells), and 1 being 306 specifically expressed (i.e. expression restricted to few cells). We found that enhancers show 307 significantly higher specificity scores than promoters (Figure 4g ; Kolmogorov-Smirnov test, 
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FISH validation
313
To validate the ability of C1 CAGE to detect eRNAs in single-cells, we used smFISH (Femino et   314 al., 1998; Raj et al., 2008) to visualize the expression of these transcripts through the TGF-β 315 time course in A549 cells. We first selected intergenic enhancers, filtering out those that 316 overlapped any known transcript models in GENCODEv25, and ranked them by their 317 expression levels. We then searched for their proximal promoters within the same topologically 318 associated domain (TAD) as the potential targets of these enhancers. We selected three 319 enhancers, two of which displayed expression changes across the time-course ( Figure S6 , S7) 320 and were adjacent to genes known to be involved in TGF-β response, KLF6 and PMEPA1 greater than the copy number of the chromosome harboring the enhancer, suggesting that 328 these eRNAs are expressed in low-copy-number and remain at or near their site of transcription.
329
Targeting eRNAs on both strands with the same color, smFISH displayed expression profiles 330 similar to C1 CAGE for the KLF6-eRNA1 and PMEPA1-eRNA1 enhancers that were 331 upregulated in the C1 CAGE time-course data (Figure 5a, b) . In contrast, PDK2-eRNA1, whose 
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After removing low quality cells and multiple single cells captured sites based on imaging data 562 (SCPortalen) (Abugessaisa et al., 2018) , the CAGE reads from the remaining 151 cells that 563 overlapped the annotation CAGE clusters were summed together to create the raw counts 564 matrix. This matrix was processed with the scran package (Lun, McCarthy and Marioni, 2016) 565 version 1.6.6 in R 3.4.3 for quality control, filtering and normalization. Following the guideline 566 suggested by the authors of scran, we first removed from our analysis 15 cells with 1) library 567 sizes or feature sizes 3 median absolute deviations (MADs) below their median, or 2) 568 mitochondrial proportion or spike proportion 3 MADs above their median, leaving us with 136 569 cells. All the cells that were dropped due to high spike proportion also had low library sizes and 570 feature counts, whereas this was not necessarily true for those that were dropped due to high 571 mitochondrial proportion. 14 out of the 15 removed cells were from the same C1 run (library 2),
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but there was no noticeable bias towards any particular time point (5, 3, 7 cells from 0h, 6 h, 24 than 2 cells or average counts of less than 0.3, leaving us with 18,687 features, of which 826 576 are FANTOM5 enhancers. These features were normalized with size factors calculated based 577 on clusters of cells with minimum size of 30. We then performed mean-variance trend fitting 578 using the whole endogenous feature set, building the sample replicate and Calcein staining 579 variables into the model. We normalized the expression scores to correct for differences of 580 sequencing depth, using a pooling-deconvolution approach (Lun, Bach and Marioni, 2016) . We 581 then detrended the data for possible C1 run and Calcein color effects. Lastly, we denoised the 582 data by removing low-rank principal components. To produce the final normalized expression 583 levels for downstream analyses, we reduced the technical noise using scran's denoisePCA 584 function based on the fitted data, then performed batch effect removal with the replicate and the 585 Calcein stain as the covariates using limma package's removeBatchEffect function. We selected 586 high variance CAGE clusters (HVCs) as those with biological variation above the 75% quantile 587 and false discovery rate less than 0.05 after decomposing the total variance for each gene into 588 its biological and technical components using trendVar (scran). We also calculated the pairwise 589 correlations among the HVCs and marked those with FDR greater than 0.05 as significantly 590 correlating HVGs.
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To create the pseudotime ordering with TSCAN (version 1.16.0), we selected the input feature 593 set as the union of the significantly correlating HVCs, the top 100 HVCs and SC3 (Kiselev et al., 
